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Heat Treatment Apparatus and Cleaning Method of The Same 

Background of the Invention 

Field of the Invention 
5 The present invention relates to a heat treatment apparatus 

for removing a pollutant on a film requiring no treating device 
or an object to be processed and its cleaning method. 
Descr iption of the Prior Art 

Generally, to manufacture a semiconductor device, the film 

10 forming process and pattern etching process are performed 
repeatedly for a semiconductor wafer which is an object to be 
processed and a desired device is manufactured. Particularly, 
with respect to the film forming process, the specification 
thereof, that is, the design rule is becoming severe year by year 

1 5 due to high density and high integration of semiconductor devices . 
For example, even for a very thin oxide film such as a capacitor 
insulating film or a gate insulating film of a device, a thinner 
film is required, and a higher insulation property is required 
at the same time. 

20 Under such conditions, instead of a silicone oxide film and 

a silicone nitride film which are conventionally used, as 
materials having better insulating properties and electrical 
characteristics such as a dielectric constant, metallic oxide 
films, for example, a tantalum oxide film (Ta 2 0 5 ) and a composite 

25 metallic oxide film having a larger dielectric constant than the 
tantalum oxide film, for example, SrTi0 3 (hereinafter referred 
to as STO) and Ba x Sr^ x Ti0 3 (hereinafter referred to as BSTO) have 
been studied. In addition to them, various metallic films and 
metallic oxide films have been studied as a dielectric layer. 

3 0 Meanwhile, a batch type heat treatment apparatus such as a 

film forming apparatus has a vertical or horizontal cylindrical 
treatment vessel made of quartz. In such a batch type heat 
treatment apparatus, to remove an unnecessary film adhered to 
the inner wall of the treatment vessel or a wafer boat, a cleaning 

35 process of removing such an unnecessary film is performed 
periodically or irregularly. 

In the cleaning process, large-scale wet cleaning is 
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developed for removing the treatment vessel itself, immersing 
the treatment vessel in a cleaning solution, thereby removing 
an unnecessary film. Simple dry cleaning requiring no long 
processing time is developed for flowing cleaning gas such as 
5 C1F 3 , HCL, Cl 2/ NF 3 , or F 2 in the state that the treatment vessel 
is kept assembled and for removing an unnecessary film. 

From the viewpoint of improvement of the productivity 
(throughput) of a semiconductor device as a whole, it is required 
to use the dry cleaning and remove an unnecessary film more 

10 effectively. 

However, in the case of forming composite metallic oxide films 
such as STO or BSTO aforementioned which have been studied 
recently or new metallic oxide films, there is a case that such 
an unnecessary film cannot be removed fully. For example, 

15 generally , as the temperature of the treatment vessel is increased 
at the time of cleaning, the reactivity of the cleaning gas is 
increased. As a result, a new film species which has been 
difficult to be removed until now, can be removed, thereby the 
cleaning efficiency is increased. However, at the same time, the 

2 0 treatment vessel made of quartz and the wafer boat made of quartz 
holding a semiconductor wafer are likely to be damaged by the 
cleaning gas and the temperature of the treatment vessel cannot 
be increased excessively. 

Further, although it is desired to remove an unnecessary film 

2 5 such as a silicone oxide film or a silicone nitride film, which 
is conventionally used, more effectively and in a shorter time, 
as mentioned above, when the temperature is increased, the 
treatment vessel itself is caused great damage. Therefore, 
although depending on the cleaning gas species, the temperature 

30 cannot be increased to, for example, 8 00°C or more and the cleaning 
efficiency cannot be improved more. 

Furthermore, in the vicinity of the introduction section of 
the cleaning gas, the gas is introduced in at a temperature close 
to the normal temperature, so that a problem arises that the 

35 temperature of the cleaning gas is partially lowered, thereby 
an unnecessary film in the vicinity of the gas introduction 
section can not be effectively removed fully. 



Summary of the Invention 
The present invention was developed to consider and solve 
the aforementioned problems effectively and is intended to 
5 provide a heat treatment apparatus for effectively removing an 
unnecessary film in a treatment vessel made of quartz without 
damaging the treating device and effectively removing a pollutant 
on an object to be processed and a cleaning method therefor. 
The present invention is a cleaning method of a heat treatment 
10 apparatus for feeding cleaning gas in a treatment vessel is heated 
and kept and removing an unnecessary film in the treatment vessel, 
comprising the steps of preheating cleaning gas outside the 
treatment vessel and feeding preheated cleaning gas into the 
treatment vessel and heating and keeping the inside of the 
15 treatment vessel at a predetermined temperature. 

The present invention is a cleaning method of a heat treatment 
apparatus, wherein a treatment vessel is heated and kept at a 
predetermined temperature in the state that a holding tool of 
an object to be processed is contained in the treatment vessel. 
2 0 The present invention is a cleaning method of a heat treatment 

apparatus, wherein the cleaning gas is preheated up to the 
activation capability temperature of the cleaning gas at the 
preheating step. 

The present invention is a cleaning method of a heat treatment 

2 5 apparatus, wherein the cleaning gas is preheated up to the heat 

decomposition temperature of the cleaning gas at the preheating 
step. 

The present invention is a cleaning method of a heat treatment 
apparatus , wherein the cleaning gas includes C1F 3 and is preheated 

3 0 up to the activation capability temperature of C1F 3 in a range 

of 200 to 400°C at the preheating step. 

The present invention is a cleaning method of a heat treatment 
apparatus , wherein the cleaning gas includes C1F 3 and is preheated 
up to the heat decomposition temperature of C1F 3 in a range of 
35 300 to 1000°C at the preheating step. 

The present invention is a cleaning method of a heat treatment 
apparatus, wherein an unnecessary film in a treatment vessel is 
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a same kind of film as a film formed on the surface of an object 
to be processed in the treatment vessel. 

The present invention is a cleaning method of a heat treatment 
apparatus , wherein a treatment vessel is made of quartz or Sic. 
5 The present invention is a cleaning method of a heat treatment 

apparatus for feeding cleaning gas in a treatment vessel 
containing an object to be processed and removing a pollutant 
on the object to be processed in the treatment vessel, comprising 
the steps of preheating cleaning gas up to the activation 
10 capability temperature of cleaning gas outside the treatment 
vessel, and feeding preheated cleaning gas into the treatment 
vessel and heating and keeping the inside of the treatment vessel 
at a predetermined temperature. 

The present invention is a cleaning method of a heat treatment 
15 apparatus, wherein preheating cleaning gas includes a 
hydrochloric acid, and is heated up to the activation capability 
temperature of hydrochloric acid of at least 800°C, and the inside 
of the treatment vessel is heated and kept at 700°C to 1000°C. 

The present invention is a cleaning method for a heat 

2 0 treatment apparatus, wherein a pollutant on an object to be 

processed is at least one of iron, copper, aluminum, and tungsten. 

The present invention is a heat treatment apparatus 
comprising a treatment vessel having a holding tool for an object 
to be processed, a treatment vessel heater arranged outside the 
25 treatment vessel for heating the treatment vessel, a cleaning 
gas feed means for feeding cleaning gas into the treatment vessel, 
and a cleaning gas heater connected to the cleaning gas feed means 
for preheating cleaning gas outside the treatment vessel, wherein 
the cleaning gas heater and treatment vessel heater are controlled 

3 0 by a control means. 

The present invention is a heat treatment apparatus, wherein 
an object to be processed is held by a holding tool, and cleaning 
gas is preheated by a cleaning gas heater up to the activation 
capability temperature so that a pollutant on the object to be 
35 processed is removed. 

The present invention is a heat treatment apparatus, wherein 
the cleaning gas includes a hydrochloric acid and the control 
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means controls the cleaning gas heater so as to heat the cleaning 
gas up to the activation capability temperature of at least 800°C, 
and controls a treatment vessel heater so as to heat the treatment 
vessel to 700°C to 1000°C. 
5 The present invention is a heat treatment apparatus , wherein 

a pollutant on an object to be processed is at least one of iron, 
copper, aluminum, and tungsten. 

The present invention is a heat treatment apparatus, wherein 
the treating device is composed of an inner tube for containing 
10 an object to be processed and an outer tube having a ceiling 
covering the inner tube, and a cleaning feed means is 
interconnected into the inner tube. 

The present invention is a heat treatment apparatus, wherein 
on the downstream side of a cleaning gas heater, an orifice is 
15 installed to give a flow path resistance to cleaning gas. 

According to the present invention, without causing damage 
to the treatment vessel or the treatment vessel and the holding 
tool for an object to be processed, the removal rate of an 
unnecessary film can be improved and an unnecessary film which 

2 0 cannot be removed by the conventional method can be removed 

effectively. 

According to the present invention, cleaning gas is heated 
to the activation capability temperature and the heated cleaning 
gas is fed to the treatment vessel. The temperature in the 
25 treatment vessel is heated to a predetermined temperature, for 
example, the temperature for keeping the activation state of the 
cleaning gas. Therefore, the cleaning gas is fed into the 
treatment vessel in the activated state and kept in the activated 
state even in the treatment vessel. The cleaning gas in the 

3 0 activated state is reacted with a pollutant on an object to be 

processed in this way, so that the reaction is promoted. 
Therefore, the removal efficiency of a pollutant adhered onto 
the object to be processed can be improved. 

According to the present invention, cleaning gas is heated 
3 5 to the activation capability temperature by the cleaning gas 
heater controlled by the control means and the heated cleaning 
gas is fed into the treatment vessel by the cleaning gas feed 
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means. Further , the temperature in the treatment vessel by the 
treatment vessel heater is heated to a predetermined temperature, 
for example, the temperature for keeping the activation state 
of the cleaning gas by the control means . Therefore, the cleaning 
5 gas is fed into the treatment vessel in the activated state and 
kept in the activated state even in the treatment vessel. The 
cleaning gas in the activated state is reacted with a pollutant 
in this way, and therefore the reaction is promoted. Thus, the 
removal efficiency of a pollutant adhered to an object to be 
10 processed can be improved. 

Brief Description of the Drawings 
Fig. 1 is a schematic view showing a heat treatment apparatus 
in the first embodiment of the present invention. 
15 Fig. 2 is a drawing showing a heat treatment apparatus of 

a single-tube structure having an outer cylinder made of quartz. 

Fig. 3 is a drawing showing another heat treatment apparatus 
of a single- tube structure. 

Fig. 4 is a schematic view showing a heat treatment apparatus 

2 0 in the second embodiment of the present invention. 

Fig. 5 is a table showing the relationship between the 
temperature of the heater and the temperature of the reaction 
tube (treatment vessel) in the second embodiment of the present 
invention. 

25 

Description of the Preferred Embodiments 
First Embodiment 

The first embodiment of the heat treatment apparatus and its 
cleaning method relating to the present invention will be 

3 0 described in detail hereunder with reference to the accompanying 

drawings . 

Fig. 1 is a schematic view showing a heat treatment apparatus 
(film forming apparatus) for executing the cleaning method 
relating to the present invention. Here, as a heat treatment 
3 5 apparatus 1, an example of a vertical film forming device using 
LP-CVD will be explained. As shown in the drawing, the heat 
treatment apparatus 1 has a treatment vessel 8 of a double-tube 
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structure composed of a cylindrical inner tube 2 made of quartz 
and an outer tube 6 made of quartz arranged concentrically outside 
the inner tube 2 to form a predetermined gap 4 therebetween and 
the outside of the treatment vessel 8 is covered with a heating 
5 unit 14 having a heating means (treatment vessel heater) 10 such 
as a heater and a heat insulating material 12. The heating means 
10 is installed on the overall inner surface of the heat insulating 
material 12. 

The lower end of the treatment vessel 8 is supported by a 
10 cylindrical manifold 16, for example, made of stainless steel, 
and the lower end of the inner cylinder 2 is supported by a 
ring-shaped support plate 16A projecting internally from the 
inner wall of the manifold 16, and a wafer boat 18 made of quartz 
is installed as a holding tool for objects to be processed for 
15 loading a plurality of semiconductor wafers W as objects to be 
processed from underneath the manifold 16 so as to be movable 
vertically and removable freely. 

The wafer boat 18 is mounted on a turn table 22 via an 
insulating cylinder 20 made of quartz and the turn table 22 is 

2 0 supported on a revolving shaft 26 passing through a cover 24 for 

opening or closing a lower end opening of the manifold 16. 

A magnetic fluid seal 28 is provided, so as to surround the 
revolving shaft 26, for example, and supports the revolving shaft 
26 air tightly so as to rotate freely. Further between the 
25 peripheral part of the cover 24 and the lower end of the manifold 
16, a seal member 30 composed of, for example, an O-ring is 
provided to keep a sealing property inside the vessel 8. 

The revolving shaft 26 is attached to the end of an arm 34 
supported by an elevating mechanism 32 such as a boat elevator 

3 0 so as to move the wafer boat 18 and the cover 24 integratedly 

up and down. 

On the side of the manifold 16, a gas introduction nozzle 
36 for introducing film forming gas and inactive gas, for example, 
N 2 gas into the inner cylinder 2, a cleaning gas introduction 
3 5 nozzle 38 for introducing cleaning gas at the time of dry cleaning 
in the treatment vessel 8, and an exhaust port 40 for exhausting 
an atmosphere in the treatment vessel 8 from the bottom of the 



8 

gap 4 between the inner cylinder 2 and the outer cylinder 6 are 
provided respectively. An evacuation system is connected to the 
exhaust port 40, via a vacuum pump not shown in the drawing. 
Further, a cleaning gas feed means 42 is connected to the cleaning 
5 gas introduction nozzle 38. The cleaning gas feed means 42 has 
a gas path 4 6 connected to a cleaning gas source 44 and an on-off 
valve 48, a flow rate controller 50 for controlling the flow rate 
of cleaning gas such as a mass flow controller, and a gas heating 
mechanism 52 on the downstream side of the flow rate controller 

10 50 for preheating flowing cleaning gas to a predetermined 
temperature are installed on the gas path 46. The cleaning gas 
whose flow rate is controlled to a desired value is heated to 
a predetermined temperature and flow into the treatment vessel 
8. The gas heating mechanism 52 has a gas heater (cleaning gas 

15 heater) 54 which is to be controlled. Any internal structure 
thereof may be used so long as it can heat cleaning gas. Here, 
as cleaning gas, for example, C1F 3 gas of chlorine trifluoride 
is used. As cleaning gas, chlorine fluoride (C1F) may be used. 
In the drawing, numeral 56 indicates a seal member such as an 

20 O-ring lying between the lower end of the outer cylinder 6 and 
the upper end of the manifold 16. 

Next, the film forming process using the apparatus structured 
as mentioned above will be explained. 

Firstly, when the wafer boat (holding tool for objects to 

25 be processed) 18 for holding semiconductor wafers (objects to 
be processed) W is in the unloaded state and the film forming 
apparatus is in the standby state, the treatment vessel 8 is kept 
at the film forming process temperature, for example, 600 o C or 
lower. Unprocessed wafers W are loaded on the wafer boat 18 from 

3 0 a wafer carrier not shown in the drawing, and the wafer boat 18 
having the loaded wafers W at a normal temperature is moved up 
and loaded in the treatment vessel 8 from underneath, and the 
lower end opening of the manifold 16 is closed by the cover 24, 
thereby the treatment vessel 8 is closed tightly. 

35 Then, the treatment vessel 8 is internally kept at 

predetermined film forming process pressure and stands by until 
the wafer temperature rises and is stabilized at a predetermined 



film forming process temperature and then predetermined film 
forming gas is introduced into the treatment vessel 8 from the 
processing gas introduction nozzle 36. Film forming gas is 
introduced onto the inner bottom of the inner cylinder 2 from 
5 the processing gas introduction nozzle 36 , then moves upward by 
carrying out a film forming reaction in contact with the wafers 
W rotating in "the inner cylinder 2 , moves downward in the gap 
4 between the inner cylinder 2 and the outer cylinder 6 from the 
ceiling, and is ejected outside the container from the exhaust 
10 port 40. As a result, a predetermined film is formed on each of 
the wafers W. 

The aforementioned is the flow of film forming process. 
However, when such a film forming process is repeated, along the 
flowing direction of film forming gas, an unnecessary film is 
15 formed inevitably on the wall surface of the quartz member. The 
unnecessary film is adhered onto the wafer boat 18, the inner 
and outer surfaces of the inner cylinder 2, the inner surface 
of the outer cylinder 6 , and the surface of the insulating cylinder 
20. 

20 Therefore, when the film forming process is performed to a 

certain extent, the cleaning operation for removing the 
unnecessary adhered film causing particles is performed. 

The cleaning operation is performed, as an example, in the 
state that the empty wafer boat 18 holding no wafers is introduced 

25 into the treatment vessel 8. Namely, after the aforementioned 
film forming process is performed, the elevating mechanism 32 
is driven, thereby the wafer boat 18 is unloaded from the treatment 
vessel 8. Thereafter, the processed wafers W contained in the 
wafer boat 18 are all transferred into a wafer carrier (not shown 

30 in the drawing ) us ing a trans f er mechanism not shown in the drawing , 
thereby the wafer boat 18 becomes empty. After the transfer of 
the processed wafers W is completed like this, the elevating 
mechanism 32 is driven again, thereby the empty wafer boat 18 
is loaded in the treatment vessel 8 and the lower end opening 

35 of the manifold 16 is closed tightly by the cover 24. 

The treatment vessel 8 is kept at a predetermined temperature, 
for example, within the range from 200 to 1000°C by a heating means 
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10 , and C1F 3 gas as cleaning gas whose flow rate is controlled 
is fed from the cleaning gas introduction nozzle 38 into the inner 
bottom of the inner cylinder 2, and at the same time, when 
necessary, inactive gas, for example, N 2 gas is introduced as 
5 diluent gas from the processing gas introduction nozzle 36. In 
this case, the aforementioned cleaning gas is preheated up to 
a predetermined temperature by the gas heating mechanism 52 
immediately before it is introduced in the treatment vessel 8. 
The aforementioned inactive gas and the preheated cleaning 

10 gas to a predetermined temperature beforehand are mixed in the 
treatment vessel 8 and the mixed gas moves upward in the inner 
cylinder 2 in the same way as with the aforementioned film forming 
gas, reaches the ceiling, turns back here, moves downward in the 
gap 4 between the inner cylinder 2 and the outer cylinder 6, and 

15 is ejected outside the container from the exhaust port 40. In 
the path through which C1F 3 gas flows , an unnecessary film adhered 
to the wall surface is reacted and etched by C1F 3 gas and removed 
slowly. 

In this case, as mentioned above, the cleaning gas is 

2 0 preheated up to a predetermined temperature immediately before 

it is introduced in the treatment vessel 8, so that an unnecessary 
film is in a fully reactive state and can be removed effectively 
and rapidly and the cleaning can be executed effectively, for 
example, in a short time. 
25 Concretely, the temperature of cleaning gas by heating in 

the gas heating mechanism 52 may be a temperature at which the 
kinetic energy of gas molecules just increases , or a temperature 
at which gas molecules are excited in the high energy state and 
activated so that they are chemically reacted very easily, for 

3 0 example, in the case of C1F 3 gas , about 200 to 400°C, or furthermore, 

a temperature at which gas molecules are decomposed to elements , 
for example, in the case of C1F 3 gas, about 300 to 1000°C. 

In the cleaning method of the present invention, cleaning 
gas is preheated to a predetermined temperature immediately 
35 before it is introduced in the treatment vessel 8. 

When the cleaning gas at the normal temperature or so is 
introduced like the conventional method, the temperature in the 



11 

neighborhood of the gas introduction section is lowered partially 
and an unnecessary film on the part may not be removed fully, 
while in the method of the present invention , the temperature 
in the neighborhood of the gas introduction section is not lowered, 
5 accordingly an unnecessary film on the part can be removed almost 
fully. 

Further, when the cleaning process conditions such as the 
temperature of the treatment vessel 8 are set in the same way 
as with the conventional method and the treatment vessel 8 is 

10 cleaned, the cleaning rate (film removal rate) is increased by 
preheating cleaning gas according to the present invention, and 
the cleaning time can be shortened, and moreover, the component 
part made of quartz is not caused large damage. 

Further, in the conventional method, an unnecessary film 

15 cannot be removed unless the cleaning temperature is increased 
though the damage of the component part made of quartz is large, 
while in the method of the present invention, even if the cleaning 
temperature is set low, the temperature of cleaning gas is 
increased by preheating so as to fully react with an unnecessary 

2 0 film, so that the surface of the component part made of quartz 

is not given large damage, and the unnecessary film is removed 
effectively, thereby the treatment vessel 8 can be cleaned. 

Furthermore, even when the upper limit temperature which can 
be increased by the heater 14 is about 800 to 1000°C from the 
25 viewpoint of the constitution of the electric power device and 
an unnecessary film cannot be removed at such a temperature, in 
the method of the present invention, the cleaning process 
temperature (temperature of the treatment vessel 8 and others) 
can be kept at about 800 to 1000°C as mentioned above and cleaning 

3 0 gas is preheated to a temperature higher than that of the vessel 

8, for example, about 1200°C, so that no damage is given to the 
component part made of quartz and an unnecessary film which cannot 
be removed by the conventional method can be removed. 

Further, although the pressure in the treatment vessel in 
3 5 the conventional cleaning method is about several hundreds Pa 
(several Torr), when it is set to several tens kPa (several 
hundreds Torr), an unnecessary film can be removed more 
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effectively and the cleaning effect can be improved more. 

Here, unnecessary films to be cleaned are films used, for 
example, in MOSFET such as an Si film, an Si0 2 film, an Si 3 N 4 film, 
a BSTO (Ba x Sr 1 . x Ti0 3 ) film, an STO (SrTi0 3 ) film, a TiN film, an 
5 Ru film, an Ru0 2 film, a Ti 2 0 5 film, a W film, and a WSi film. 

In the embodiment aforementioned, an example of a case that 
the vertical treatment vessel 8 has a double-tube structure 
composed of the inner cylinder 2 and the outer cylinder 6 is 
explained. However, the present invention is not limited to the 

10 treatment vessel and the present invention can be applied to a 
case as shown in Fig. 2 that the treatment vessel 8 is a film 
forming apparatus of a single-tube structure composed of, for 
example, only the outer cylinder 6 made of quartz. In Fig. 2, 
the same numeral is used to each of the same component parts of 

15 the apparatus shown in Fig. 1 and the detailed explanation will 
be omitted. In this case, as mentioned above, the treatment 
vessel 8 is composed of, for example, one outer cylinder 6 made 
of quartz. The exhaust port 40 with a large aperture is provided 
on the upper end of the outer cylinder 6 and evacuates the 

20 treatment vessel 8. 

In this case, at the time of cleaning, cleaning gas preheated 
moves upward in the treatment vessel 8 from the cleaning gas 
introduction nozzle 36 provided on the manifold 16, removes an 
unnecessary film adhered to the surface of the component part 

25 made of quartz, and is ejected outside the container from the 
exhaust port 40 at the upper end. 

In the example of the apparatus of a single-tube structure 
shown in Fig. 2, the exhaust port 40 is provided at the upper 
end of the treatment vessel 8. However, the present invention 

3 0 is not limited to the apparatus in Fig. 2. As shown in Fig. 3, 
the exhaust port 40 may be provided on the manifold 16 in the 
same way as the case shown in Fig. 1, and the gas introduction 
nozzle 36 and the cleaning gas introduction nozzle 38 extend 
upward along the inner wall of the treatment vessel of a 

3 5 single-tube structure and the nozzle ends are positioned on the 
ceiling of the treatment vessel 8. Cleaning gas preheated flows 
along the cleaning gas introduction nozzle 36 and then moves down 
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in the treatment vessel 8. The cleaning gas removes an 
unnecessary film adhered to the surface of the component part 
made of quartz, and is ejected outside the vessel 8 from the 
exhaust port 40 in the manifold 16. 
5 Even in the apparatus shown in Figs • 2 and 3 , the same operation 

effect as that shown in Fig. 1 is performed and for example, 
without damage caused to the surface of the member made of quartz, 
an unnecessary film can be removed effectively. 

The method of the present invention is explained above using 

10 an example of the batch type film forming apparatus for processing 
a plurality of semiconductor wafers at a time. However, the 
present invention is not limited to this type of apparatus and 
needless to say, the method of the present invention can be applied 
to a single-wafer processing type film forming device for 

15 processing semiconductor wafers one by one. 

Objects to be processed are not limited to semiconductor 
wafers and needless to say, LCD substrates and glass substrates 
can be used. 

Further, the treatment vessel 8 of a double-tube structure 

2 0 or a single- tube structure may be made of Sic. 

As explained above, according to the cleaning method of the 
present invention, the following superior operation effect can 
be produced. 

Since the cleaning gas is preheated and introduced into the 
25 treatment vessel, without causing damage to the treatment vessel 
or the treatment vessel and the holding tool for an object to 
be processed, the removal rate of an unnecessary film can be 
improved and an unnecessary film which cannot be removed by the 
conventional method can be removed effectively. 

3 0 Second Embodiment 

The second embodiment of the heat treatment apparatus and 
the cleaning method relating to the present invention will be 
described hereunder using an example of a case that a pollutant 
adhered to a semiconductor wafer is removed using the batch type 
35 vertical heat treatment apparatus shown in Fig. 4. 

As shown in Fig. 4, a heat treatment apparatus 101 has a 
substantially cylindrical reaction tube (treatment vessel) 102 
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with the longitudinal direction directed vertically. The 
reaction tube 102 is composed of a double-tube structure composed 
of an inner tube 103 and an outer tube 104 having a ceiling, which 
covers the inner tube 103 and is formed so as to have a fixed 
5 gap with the inner tube 103. The inner tube 103 and the outer 
tube 104 are formed by a heat insulating material, for example, 
quartz . 

Under the outer tube 104, a cylindrical manifold 105 made 
of stainless steel (SUS) is arranged. The manifold 105 is air 

10 tightly connected to the lower end of the outer tube 104. The 
inner tube 103 is supported by a support ring 106 which projects 
from the inner wall of the manifold 105 and is formed integratedly 
with the manifold 105. 

A cover 107 is provided under the manifold 105. The cover 

15 107 is so structured as to move up and down by a boat elevator 
108. When the cover 107 moves up by the boat elevator 108, the 
cover 107 comes into contact with the manifold 105 and the reaction 
tube 102 is closed tightly. 

On the cover 107, a wafer boat (holding tool for articles 

2 0 to be processed) 109, for example, made of quartz is loaded. A 
plurality of objects to be processed, for example, semiconductor 
wafers 110 are contained vertically at a predetermined interval 
in the wafer boat 109. 

A heat insulator 111 is installed so as to surround the 

25 reaction tube 102. A temperature raising heater (treatment 
vessel heater) 112 composed of, for example, a heating resistor 
is installed on the inner wall surface of the insulator 111. 

A cleaning gas introduction tube (cleaning gas feed means) 
113 is connected to the side of the manifold 105. The cleaning 

30 gas introduction tube 113 is connected to a portion of the manifold 
105 under the support ring 106, for example, so as to face to 
the inner tube 103. Cleaning gas introduced from the cleaning 
gas introduction tube 113, for example, hydrochloric (HC1) gas 
and nitrogen (N 2 ) gas as diluent gas are fed in the inner tube 

35 103 into the reaction tube 102. In the side of the manifold 105, 
a processing gas introduction tube not shown in the drawing is 
connected to the reaction tube 102. Various processes such as 
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forming a thin film on each of the semiconductor wafers 110 are 
performed by processing gas introduced from the processing gas 
introduction tube. 

A heater (cleaning gas heater) 115 is connected to the 
5 cleaning gas introduction tube 113. The heater 115 has a heater 
composed of, for example, a heating resistor and heats cleaning 
gas fed into the heater 115 to a predetermined temperature. 

An ejection port 114 is formed on the manifold 105. The 
ejection port 114 is provided above the support ring 106 and 

10 communicates with the space formed between the inner tube 103 
and the outer tube 104 in the reaction tube 102. The cleaning 
gas is fed into the inner tube 103 from the cleaning gas 
introduction tube 113, and the removal process of a pollutant 
adhered to the surface of each of the semiconductor wafers 110 

15 is performed, and reaction products generated by the removal 
process are ejected from the ejection port 114 through the gap 
between the inner tube 103 and the outer tube 104. 

A controller 116 is connected to the boat elevator 108, the 
temperature raising heater 112, the cleaning gas introduction 

20 tube 113, and the heater 115. The controller 116 is composed of 
a microprocessor and a process controller, measures the 
temperature and pressure of each unit of the heat treatment 
apparatus 101, outputs a control signal to each unit mentioned 
above on the basis of the measured data, and controls each unit 

2 5 of the heat treatment apparatus 101. 

Next, the cleaning method for the semiconductor wafers 110 
using the heat treatment apparatus 101 structured as mentioned 
above will be explained using an example of a case that a pollutant 
adhered to the surface of each of the semiconductor wafers 110 

3 0 is removed by hydrochloric gas (cleaning gas) . In the following 

explanation, the operation of each unit constituting the heat 
treatment apparatus 101 is controlled by the controller 116. 

Firstly, the heater 115 is heated to a predetermined 
temperature. The temperature of the heater 115 may be a 
35 temperature for activating cleaning gas fed into the heater 115 
and in the case of cleaning gas including hydrochloric gas like 
this embodiment, the temperature of the heater 115 is preferable 
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to be 800°C or more. In this embodiment , the heater 115 is heated 
to 1000°C. 

Further , the reaction tube 102 is internally heated to a 
predetermined temperature by the temperature raising heater 112 . 
5 The temperature in the reaction tube 102 may be a temperature 
for keeping the activation state of the cleaning gas fed from 
the cleaning gas introduction tube 113 , and in the case of the 
cleaning gas including hydrochloric gas like this embodiment, 
it is preferable to be 700°C or more. However, an extremely small 

10 quantity of heavy metal (a pollutant) such as aluminum, iron, 
or copper is included in the quartz of the inner tube 103, and 
when the reaction tube 102 is internally heated to a temperature 
higher than 1000°C, there is a possibility that a pollutant may 
be emitted from quartz. Therefore, in this embodiment, the 

15 reaction tube 102 is internally heated to 800°C 

Next, in the state that the cover 107 is lowered by the boat 
elevator 108, the wa f er boat 109 having the contained 
semiconductor wafers 110 is loaded on the cover 107. Next, the 
cover 107 is moved up by the boat elevator 108 and the wafer boat 

2 0 109 (the semiconductor wafers 110) is loaded in the reaction tube 
102. By doing this, the semiconductor wafers 110 are contained 
in the inner tube 103 of the reaction tube 102 and the reaction 
tube 102 is closed tightly. 

After the reaction tube 102 is closed tightly, the cleaning 

2 5 gas at a predetermined flow rate is fed from the cleaning gas 

introduction tube 113 into the heater 115. In this embodiment, 
hydrochloric gas of 0.5 1/min and nitrogen (N 2 ) gas of 10 1/min 
are fed. Hydrochloric gas fed to the heater 115 is heated and 
activated in the heater 115 . Then the gas is fed into the cleaning 

3 0 gas introduction tube 113 in the activated state, and introduced 

into the inner tube 103. In this case, the reaction tube 102 is 
internally heated to the temperature for keeping the activation 
state of the cleaning gas, so that hydrochloric gas is fed to 
the surface of each of the semiconductor wafers 110 in the 
35 activated state. 

When the activated hydrochloric gas is fed to the surface 
of each of the semiconductor wafers 110 , a pollutant ( for example, 
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iron) adhered to the surface of each of the semiconductor wafers 
110 and chlorine in hydrochloric gas are reacted with each other 
and chloride (for example, iron chloride (FeCl 2 ), iron 
trichloride (FeCl 3 ) is produced. In this case, the hydrochloric 
5 gas fed to the surface of each of the semiconductor wafers 110 
is activated, so that the reaction of chlorine in hydrochloric 
gas with the pollutant is promoted and the removal efficiency 
of a pollutant can be improved. 

The produced chloride is ejected from the heat treatment 
10 apparatus 101 via the ejection port 114. When the chlorine gas 
is fed for a predetermined time, for example, 15 minutes, the 
pollutant adhered to the surface of each of the semiconductor 
wafers 110 is almost removed and the semiconductor wafers 110 
are cleaned. 

15 When the semiconductor wafers 110 are cleaned, the feed of 

the chlorine gas from the cleaning gas introduction tube 113 is 
stopped. Next, a predetermined amount of nitrogen gas, for 
example, 20 1/min is fed from the cleaning gas introduction tube 
113. It is preferable to repeat feed and ejection of gas in the 

2 0 reaction tube 102 to surely eject non-reacted hydrochloric gas 

in the reaction tube 102. 

After non-reacted hydrochloric gas is ejected from the 
reaction tube 102, various processes such as forming a silicone 
oxide film on each of the cleaned semiconductor wafers 110 are 
25 performed. When various processes are performed for the 
semiconductor wafers 110, the cover 107 is moved down by the boat 
elevator 108 and the wafer boat 109 (semiconductor wafers 110) 
is unloaded from the reaction tube 102. Then, the next 
semiconductor wafers 110 are contained in the wafer boat 109, 

3 0 and the wafer boat 109 is loaded in the reaction tube 102, and 

the same process is repeated. 

Next, to ascertain the effects of this embodiment, 1 x 10 13 
of iron (atoms /cm 2 ) as a pollutant is adhered to the semiconductor 
wafers 110 and the semiconductor wafers 110 are cleaned. 
35 Hydrochloric gas of 0.5 1/min and nitrogen gas of 10 1/min are 
fed into the reaction tube 102 from the cleaning gas introduction 
tube 113 for 15 minutes to clean the semiconductor wafers 110. 
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The relationship between the heating temperature (not heated, 
700°C, 800°C, 1000°C) of the heater 115 and the temperature (600°C, 
700°C, 800°C) in the reaction tube 102 is studied. The results 
are shown in Fig. 5. 
5 As shown in Fig. 5, in the case that the temperature in the 

reaction tube 102 is 700°C or higher, when the heating temperature 
of the heater 115 is set to 800°C or higher and the cleaning gas 
is heated, as compared with a case that cleaning gas is not heated 
by the heater 115, it is ascertained that the amount of iron 

10 adhered to the semiconductor wafers 110 can be reduced greatly. 
The reason is that by heating cleaning gas to 800°C by the heater 
115, chlorine gas can be activated and chlorine gas can be kept 
in the activated state in the reaction tube 102 by setting the 
temperature in the reaction tube 102 to 700°C or higher. 

15 In the case that the temperature in the reaction tube 102 

is 800°C, even if the heating temperature of the heater 115 is 
set to 700°C and the cleaning gas is heated, chlorine gas fed into 
the reaction tube 102 is not activated and as compared with a 
case that cleaning gas is not heated by the heater 115, the amount 

20 of iron adhered to the semiconductor wafers 110 cannot be reduced. 
Further, in the case that the temperature in the reaction tube 
102 is 600°C, even if the heating temperature of the heater 115 
is set to 1000°C and the cleaning gas is heated, activated chlorine 
gas cannot be kept activated in the reaction tube 102 and as 

25 compared with a case that cleaning gas is not heated by the heater 
115, the amount of iron adhered to the semiconductor wafers 110 
cannot be reduced. 

As mentioned above, when the chlorine gas is activated by 
the heater 115 and the chlorine gas is kept activated in the 

3 0 reaction tube 102, as compared with a case that cleaning gas is 
not heated by the heater 115, the amount of iron adhered to the 
semiconductor wafers 110 can be reduced greatly and the removal 
effect of iron (pollutant) can be improved. 

When the flow rate of hydrochloric gas from the cleaning gas 

35 introduction tube 113 is doubled such as from 0.5 1/min to 1 1/min 
and also when the feed time of the hydrochloric gas from the 
cleaning gas introduction tube 113 is doubled such as from 15 
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minutes to 30 minutes, the semiconductor wafers 110 are cleaned 
in the same way and the flow rate and feed time of hydrochloric 
gas from the cleaning gas introduction tube 113 are studied. It 
can be ascertained that the cleaning effect is little affected 
5 by the flow rate and feed time of hydrochloric gas and almost 
the same results are obtained. 

As explained above, according to this embodiment, when the 
heating temperature of the heater 115 is set to 800°C or higher, 
and the hydrochloric gas is activated, and the temperature in 

10 the reaction tube 102 is set to 700oC or higher, and hydrochloric 
gas is kept activated, as compared with a case that cleaning gas 
is not heated by the heater 115, the amount of iron adhered to 
the semiconductor wafers 110 can be reduced greatly and the 
removal effect of iron can be improved. 

15 The present invention is not limited to the embodiment 

aforementioned, but can be applied to for example, the following 
case. 

In this embodiment, the present invention is explained using 
an example of hydrochloric gas as cleaning gas for removing a 

2 0 pollutant adhered to the semiconductor wafers 110. However, 

various cleaning gases can be used depending on a pollutant. In 
this case, it is desirable that the temperature of the heater 
115 is a temperature for activating cleaning gas fed into the 
heater 115 and the temperature in the reaction tube 102 is a 
25 temperature for keeping the activated state of the cleaning gas. 
The temperatures thereof vary with the kind of cleaning gas to 
be used. 

Cleaning gas including hydrochloric gas may be mixed gas of, 
for example, hydrochloric gas and dichloroethylene gas (C 2 H 2 C1 2 ) . 

3 0 Furthermore, oxygen gas may be mixed with hydrochloric gas. In 

this case, even if a pollutant is an oxide, it can be ejected 
from the heat treatment apparatus 101 and the removal efficiency 
of a pollutant can be improved. However, it is preferable to 
severely control the cleaning conditions for the semiconductor 
35 wafers 110 so as to prevent the surface of each of the 
semiconductor wafers 110 from having an unnecessary oxide film. 
In this embodiment, the present invention is explained using 
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an example of iron as the pollutant. However, the pollutant may 
be copper (Cu), aluminum (Al), or tungsten (W) in addition to 
iron. Even when any of them is used, the removal effect can be 
improved in the same way as with iron. 
5 In this embodiment, the present invention is explained using 

an example of a case that nitrogen gas is used as diluent gas 
for hydrochloric gas. However, diluent gas may be gas having no 
reactivity with hydrochloric gas . For example, inactive gas such 
as argon (Ar) gas may be used. 

10 On the downstream side of the heater 115 of the cleaning gas 

introduction tube 113, an orifice 113a for narrowing the inner 
diameter of the cleaning gas introduction tube 113 may be provided . 
In this case, cleaning gas passing inside the heater 115 is given 
a sufficient retention time and the heating efficiency by the 

15 heater 115 is improved. As a result, the removal efficiency of 
a pollutant adhered to the semiconductor wafers 110 can be 
improved more. Further, the heating temperature of the heater 
115 can be lowered. 

In this embodiment, the batch type vertical heat treatment 

2 0 apparatus is explained. However, the present invention is not 
limited to this apparatus and can be applied also, for example, 
to a single-wafer processing type heat treatment apparatus. 
Objects to be processed are not limited to semiconductor wafers 
and may be applied to LCD glass substrates. 

25 As explained above, according to the present invention, the 

removal efficiency of a pollutant adhered to articles to be 
processed can be improved. 



